Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. INTRODUCTION THE INHALATION TOXICITY OF INDIUM SESQUIOXIDE IN THE RAT ABSTRACT Fifty-four albino rats were exposed to a submicronic aerosol of indium sesquioxide dust for three months. This material (ln 2 0s) is moderately toxic when inhaled at relatively high concentrations (6k mg/m 3 ).
Evidence of chemical toxicity was found in body weight changes, in the hematological picture and in the gross and histological condition of the lungs and tracheobronchial lymph nodes.
The retention of indium in the tissues was followed in serially sacrificed animals. An appreciable accumulation occurred in the lungs and tracheobronchial lymph nodes. Average values for these tissues increased from 490 and 250 ug In/g fresh tissue, respectively, after two weeks of exposure, to 1000 and 1300 ug/g after 12 weeks. Postexposure data indicate that approximately 58 per cent of the indium had been mobilized from the lungs and 69 per cent from the tracheobronchial lymph nodes, 12 weeks after termination of exposure.
For other tissues, i.e., liver, kidney and spleen, the indium content was low. After two weeks of exposure, average values were as follows: liver, O.33 ug/g; kidney, 1.8 ug/g; and spleen, 0.25 M-g/g.
Later in the experiment, viz., 12 weeks post-exposure, the content increased 40-fold in the liver, 6-fold in the kidney, and 80-fold in the spleen. In the interval from the fourth week of exposure to the end of the post-exposure period, there was a 20-fold increase in the indium content of bone.
INTRODUCTION
The increased use of indium has necessitated further investigation of the toxicity and of the biological fate of this element and some of its compounds. To supplement information already obtained at this laboratory (l, 2, 3, k), an experiment was conducted to determine the toxicity of indium sesquioxide (ln 2 0 3 ) when inhaled by the rat.
MATERIALS AND METHODS
Indium sesquioxide (ln 2 0 3 ) in the form of a finely divided yellow dust was obtained from a commercial source*. The test material was used as it was received; no attempt was made to alter particle size.
The ln 2 0 3 dust was dispersed from a Wright Dust Feed Mechanism (5) into the inlet air system of an exposure chamber having an internal capacity of approximately one cubic meter. The exposure apparatus will be described in detail elsewhere.
Animal exposure conditions are summarized in Table I Temperature, Degrees Fahrenheit
Relative Humidity, Per Cent The relation between the dust load on the filter papers and the quantity of In 2 C>3 present was checked by analyzing spectrographically one sample daily for indium. The average recovery of indium calculated as ln 2 0 3 , corresponded to 96 per cent of the dust load determined gravimetrically.
The particle size distribution of the dust in the test chamber was determined in samples taken with a thermal precipitator, shadowed with chromium at 45° and photographed in an electron microscope.
Characteristics of the aerosol are shown in Table I .
During the course of the experiment the temperature of the air within the chamber varied between 65 and 80°F., the relative humidity between 40 and 84 per cent. As shown in Table I , the average temperature was 74 F. and the average relative humidity, 60 per cent.
A total of 54 albino rats (27 males and 27 females) was exposed to the ln 2 0 3 dust. All were young adults from the Wistar-derived (1923) Project Colony. Twenty rats of each sex and of the same age were maintained as controls. Preceding the exposure, the animals were conditioned in the chamber for approximately one month. During this time they were subjected to conditions similar to those during exposure, except that In 2 03 dust was not present, and data were obtained that provided control values for hematology. During the dust exposure, body weight, mortality, and clinical appearance of the animals were recorded.
Pairs of rats of each sex were sacrificed by ether inhalation at exposure weeks 2, 4, 7, and 12 (termination of exposure). Similar groups of control rats were handled in the same manner. Prior to sacrifice, blood samples were taken from each experimental animal for hematological study. At 12 weeks post-exposure the remaining animals comprising six exposed rats and four control animals were sacrificed.
At sacrifice, the rats were examined grossly and the lungs were weighed. Sections of the lungs, tracheobronchial lymph nodes (PLN), liver, kidney, spleen, and femur were fixed in Bouin's solution for histopathological study. Portions of these tissues were reserved for spectrographic determination of the indium content.
RESULTS

Mortality.
A total of 13 experimental rats comprising seven males and six females died during the 3-m°n1:n exposure to ln 2 0 3 . One rat of each sex died in the control group. The significance of the higher mortality in the indium-exposed animals is difficult to assess because various intercurrent infections, principally acute purulent pleurisy and pericarditis, were the usual causes of death.
Body Weights,
The body weight data for males and females are tabulated in Tables II and III, Hematology.
Blood samples were taken from the rats pre-experimentally and at time of sacrifice. The average hematological values are presented in Table IV . The only evidence in these data of any effect on the blood picture from the inhalation of ln 2 0 3 was a 2-to 5-£°ld increase in the absolute neutrophil count. The average absolute neutrophil count for the experimental males and females was 4,592 and 6,483, respectively, during the pre-exposure period. After two weeks of exposure to ln 2 0 3 these values increased to ll,74l and 15,048, respectively. This alteration in the differential white cell count continued throughout the post-exposure period; at 12 weeks post-exposure the average values were as follows;
13,4l4 for male rats, 13,308 for female rats.
Lung Weights and Lung Weight-Body Weight Ratios.
At sacrifice the weights of the lungs of the experimental and control rats were recorded and the organ weight-body weight ratios calculated. This information is tabulated in Tables V and VI. The lungs of the experimental males (Table V) and females (Table VI) were from three to five times heavier than those of the controls. These findings were reflected in the lung-weight-body weight ratios which for the experimental animals were approximately five times greater than the controls. -exp.
sxp.
-exp. Average values for these tissues (lung and PLN) increased from 490 and 250 |ig/g, respectively, after two weeks of exposure to 1000 and 13OO |ig/g after 12 weeks. Post-exposure data (lung: 420 ug/g, PLN: 410 u.g/g)
No, Rats
indicate that approximately 58 P er cent of the indium had been mobilized from the lung and 69 per cent from -the PLN, 12 weeks after termination of exposure.
For other tissues, i.e., liver, kidney, and spleen the indium content was low. After two weeks of exposure average values were as follows: liver, O.33 ng/g; kidney, 1.8 |ig/g; and spleen, 0.25 l^g/g.
Later in the experiment, viz., 12 weeks post-exposure, the indium content increased 40-fold in the liver, 6-fold in the kidney and 80-fold in the spleen.
In the bone, deposition occurring between four weeks and the end of the post-exposure period represented a 20-fold increase in the indium content.
In Figure 4 indicate that In 2 03 is mobilized from the lung and PLN at a much faster rate than are the "insoluble" oxides of beryllium, thorium, or uranium.
It is interesting to note that mobilization of indium from the lungs and PLN during the post-exposure period is reflected, at least in part, by the increased indium content of the kidney, liver, bone and spleen. The tissues of control rats were essentially free of indium.
Pathology.
The only gross findings seeming to result from inhaling ln 2 0 3 dust were increase in lung weight, increase in consistency of the lungs and enlargement of the tracheobronchial lymph nodes. The alveolar walls were rather markedly altered. Many foci were observed in which the alveolar wall appeared to consist of an avascular changes in male rats, in the hematological picture, and in the gross and histological condition of the lungs and tracheobronchial lymph nodes.
Mortality during the 5-m°n th exposure period, was approximately six times greater in the indium-exposed animals than in the control group. It is difficult to say with any degree of certainty that the mortality figures directly reflect the toxicity of indium because various intercurrent infections were the usual causes of death in the experimental groupo Whether the exposure to indium increased the incidence or severity of these diseases is an unanswered question,. Further work should be done to resolve this important point.
Another important physiological property of indium is its mobility. In this experiment, inhaled In 2 0 3 was mobilized from the primary site of deposition, the lung at a faster rate and possibly in a different manner, than are the "insoluble" oxides of beryllium, thorium, or uranium. This is borne out by the relatively short biological halftime of 2 1/2 months for ln 2 0 3 in the lungs of rats, as compared to estimations of 6 to 8 months for BeO, Th0 2 , and U0 2 , This difference might be related to the increased solubility of ln 2 0 3 in body fluids, and/or the smaller particle size of the airborne indium trioxide dust.
The most striking evidence of the physiological activity of In 2 C>3
was the changes observed in the lungs of the indium-exposed animals.
These lungs were three to five times heavier than those of the controls.
Upon microscopic examination, lesions were observed that were probably inflammatory in character. However, they differed from the usual inflammatory reaction in the relative paucity of inflammatory cellular exudate. It is somewhat odd (l) that the lesions changed little over
